Cross-laminated timber (CLT) construction is an emerging technology in the Pacific Northwest (PNW). New CLT mills are being constructed in Idaho, Oregon, and Washington. We see this use of wood as a robust alternative to concrete and steel that sequesters carbon rather than spewing it into the atmosphere. Timber can be sustainably harvested in the PNW with local mills, further reducing carbon pollution in the supply chain.
INTRODUCTION
The use of wood in architecture has been a theme explored throughout undergraduate and graduate design studios at University of Idaho. Examples of this interest are our Idaho Forests Products Commission (IFPC) sponsored architectural design competition in third-year, "Timber in the City" (ACSA 2019) competitions entries in our fourth-year, and various versions (e.g. Armpriest, Haglund, Manrique) of our Integrative Architectural Design studio during the first year of our professional Master of Architecture.
Our design studio courses focused on the development of mass timber construction in the Pacific Northwest have included field trips to visit innovative buildings and offices working with recent developments in wood. An example was the visit by several advanced studios to Albina Yard (Lever Architects) "a four-story office building in Portland, Oregon, which was the first U.S. building to use a domestically made CLT structural system when it opened in September 2016. The project team chose CLT for its ability to store carbon and the smaller environmental footprint the material afforded the project." (Think Wood 2019) .
Since 2006 our UK study abroad summer program has focused on providing a first-hand experience and research on cultural and urban sustainability and green buildings in the United Kingdom. The UK has been the focus of this research studio because London, and later Edinburgh added in 2013 because of the unmatched density of projects and practices that exemplify green building and urbanism. It's our sense that the UK has a decade head start on the US addressing these issues that aim to mitigate climate change. With the publication of 100 Projects UK CLT (2018) it has become apparent that lead in CLT-centric construction is also a decade ahead of the US, even in our wood construction friendly Pacific Northwest.
There are more CLT projects in London (many with unique and innovative approaches) than in the entire US. To prepare them for full immersion in the UK's rich milieu, students participate in a spring term preparation seminar and a summer term studies abroad research studio. During the spring semester, prior to the summer experience, students "do basic research on green buildings in the UK" (Haglund 2019a) . Students study the work of prominent British firms and exemplary buildings as well as green urbanism. The four-week summer term course allows them to visit architects and buildings as well as experience British culture. At the beginning of the summer term, they visit Edinburgh, Dundee, and Glasgow. After 17 days in London, the Green Serpentine Pavilion charrette is the capstone event for the course, allowing students to explore, through design inquiry, the lessons learned from their studies.
Fig. 1.
Our students were at the CLT and glulam Hope Gateway learning from its architect and engineers in 2017.
Roddy Langmuir, designer of the building from Cullinan Studio, presented. Offered as an "Alternative Graduate Design Experience", 1 our UK Study Abroad program this year expands the research studio model on green architecture for the first time through learning from CLT design in the United Kingdom. Encouraging a material shift through understanding and appreciation of mass timber construction has become one of our strategic approaches towards design with (a changing) climate.
The initiative of merging sustainability and wood (as a focused theme) provides opportunities to expand "exemplary lessons and activities" to inspire our students as "future stewards to shape zero net carbon buildings and communities" (University of Oregon 2019). We have organized these exemplary lessons and activities as pedagogical strategies implemented in our British Green Architecture Seminar and our UK Research Studio (see Table-1 and Table- 2): expanding references, expanding activities, and applying and developing metrics (passive design).
In spring 2019, students enrolled in Arch 580 British Green Architecture Seminar "do basic research on green buildings in the UK and help plan the itinerary for the summer's studies abroad program" (Haglund 2019a) . The seminar meets one-time each week (Thursdays from 5:30 to 7:00 pm) and is delivered through lectures and student presentations on assigned research and analysis topics. Students explore five topics throughout the term: Green Cities, London Orientation, Notables, Discoveries, and CLTs in the UK. Complementary activities are distributed throughout the class sessions such as English 101 and Sketching exercises. The pedagogical goal of the seminar is to form a basis for understanding and experiencing the cultural and environmental sustainability of the UK.
In summer 2019, students enrolled in Arch 552 Alternate Graduate Design Experience: UK Research (6 credits) "will visit sites; interview architects, engineers, and educators; and explore urban sustainability issues based on their first-hand experience and research. A design charrette, planned for the end of the course, will place student teams in London architectural offices for a one-day design challenge with a public presentation the following day" (Haglund 2019a) . Pedagogically this is an immersive experience that aims to enhance learning.
The pedagogical strategies summarized in tables 1 and 2 proposed for our British Green Architecture Seminar (spring 2019) and our UK Study Abroad program (summer 2019) are discussed in the following two sections. These strategies in Arch 580 are aimed at providing a basis for exploring the rich inventory of green and CLT-centric buildings in the UK during the study abroad course. Tables 1 and 2 
BRITISH GREEN ARCHITECTURE SEMINAR (SPRING 2019)
During spring 2019, the Arch 580 British Green Architecture Seminar builds the base of references and skills students will apply on site visits and discovery exercises during the summer research studio.
Expanding References
The seminar starts with an introductory overview of the UK Study Abroad Program providing the general structure of what the experience has been in previous years and what is planned for summer 2019.
General, UK-Architecture, Green Buildings/Cities and CLT Through assigned readings and applied research assignments, references are introduced. Chuck Wolfe's (2016, 2019a) readings on Seeing the Better City aim to provide students with guidelines to document their personal experience through text and photographs. The readings were supplemented by a live webinar by the author. Allinson and Thornton's (2014) London's Contemporary Architecture serves as an "explorer's guide" for navigating London and identifying sites of interest.
In order to expand the green building approach in the UK Study Abroad program, the preparation seminar introduced Waugh Thistleton's (2018) book, which highlights 100 inspiring CLT projects selected from over 500 in the UK.
English 101 exercises, at the beginning of some class sessions, aim to familiarize students with terms and expressions particular to the UK's English language usage, and other aspects of the British culture.
Students are encouraged to read about, watch, and listen to examples categorized as "mind the gap" (in New Video Channel America and BBC).
Stimulating Activities
Journaling and Sketching Students are required to keep a critical journal of the seminar activities in spring in preparation for the thorough record and analysis assigned while studying abroad during the summer term.
Sketching exercises (10 minutes at the beginning of most class sessions) are aimed to stimulate building drawing skills for use during the visits during the summer research studio.
Researching (London Orientation)
Based on Allinson and Thornton's London's Contemporary Architecture: An Explorer's Guide (2014), each student was assigned a specific neighborhood in central London. Their task was to plan a walk through the assigned area, citing buildings and environments of interest and planning logistics before, during, and after the walk. The intent of this exercise is two-fold, gaining knowledge of the architectural richness of the city and appreciation of the robust transit system that allows green transportation via tube, bus, bicycle, and walking.
Researching (Notables and CLTs in the UK)
Students were assigned a notable architect or building to present to the class. Content required included: architect's or building's name and photo; educational background and work history for architects, construction date for buildings; design philosophy/ design intent; important green building strategies (a caption and photo of each); references; office or building location map and transportation options. Students were required to expand, interpret, and analyze information from the text and corroborating sources as well as provide color images of and graphics about the project that explain the use and significance of CLTs. In order to familiarize students with the case studies in context, student presentations included one slide showing how to get to the project from their dormitory in Edinburgh or London with a map (using online sources such as Google.com, openstreetmap.org, and national or local transportation websites). 2 Similar to the previous discoveries assignments, students reported on how long would it take and how much it would cost to get to each location.
Applying and Developing Metrics (Passive Design)

Analyzing (Green Cities and Discoveries)
Using the Green Cities Checklist provided to guide the analysis, students (in pairs) were required to present comparative analysis of two assigned cities. Each team was assigned a city presented in the textbook, Green Cities of Europe (GCE) (Beatley 2012) , and a North American city with which to compare it. Students were required to distill, interpret, and analyze information from the text and corroborating sources that support or argue against the author's claims and the "National Geographic rating" (if rated) (Lopez et al. 2016 Our intent is to engender awareness of how cities address green issues on multiple scales that are broader than simply examining green buildings.
Two assignments were required as part of the Discoveries Workshop series (1 & 2). For the Discoveries Workshop-1 students were assigned a London Discovery Experience as listed in Table- 3 to present to the class based on research and analysis using the corresponding Green Cities Scorecard (GCS) provided, plus at least one other. For example, the GCS for Culture -Daylighted Museums defines the following components for rating (1 through 5): free museum access, pedestrian friendly, local food venues, transit connection, and diverse cultural offerings. Students were required to discuss what to look for that contributes to London's green urbanism. During the research studio in summer, students will be required to visit, record, analyze, and critique (through dialogue, sketches, still photography, words, and diagrams) at least four discovery experiences.
The reading assignments for this exercise were based on two references: Seeing the Better City (Wolfe 2016) and Walkable City Rules: 101 Steps to Making Better Places (Speck 2018) . From Seeing the Better City (Wolfe 2016) , students were assigned to read Chapter-3 "Seeing the City through Urban Diaries" (p. 59-88). This chapter summarizes traditional approaches of chronicling urban change made by observers, noting the ways cities evolve (written or visual historical descriptions), and "provides hints about taking better photographs and using them in urban diaries" (Wolfe 2016, 59) . From Walkable City Rules (Speck 2018 ) students were assigned to refer their discoveries to selected rules in order to focus on specifics of pedestrian-friendly urban environments. (2019), delivered a live videoconference to the class. Students were required to prepare a 24 x 36 black and white poster of their assigned discovery. On these posters, students made notes based on their readings, previous week's presentation and Chuck Wolfe's presentation. Our aim is to refine their sensitivity to green urbanism in preparation for a scheduled walking workshop with Chuck Wolfe in London.
ALTERNATE GRADUATE DESIGN EXPERIENCE: UK RESEARCH STUDIO (SUMMER 2019)
In summer 2019, Arch 552 Alternate Graduate Design Experience: UK Research Studio is developed through a hands-on immersion experience of one month (June 25 th to July 22 nd ). Pedagogical strategies implemented during this term aim to build on references introduced during the seminar, stimulate opportunities to develop journaling and sketching skills during the visit of selected buildings and sites, and engage in hands-on building and designing experiences. Students also are required to apply and develop metrics (passive design) in their selected discoveries and assigned design charrette.
Expanding References
In addition to the resources assigned and used for research and analysis exercises during the preparation seminar in spring, the research studio in the UK expands references based on online availability (weblinks) and experiential activities (visits). To stimulate students for the adventure ahead, additional readings between the spring and summer courses were recommended, for example Freud's Mr. Mac 
Stimulating Activities
Journaling, Sketching, Building and Designing will constitute the hands-on activities to be developed for a full immersion experience during the summer research studio in the UK.
Journaling
While studying abroad, students are required to keep a critical journal of their experiences focusing on both sustainable architecture and green urbanism-in their three dimensions environmental, cultural, and economic. Evaluation of the city's components vis-à-vis the appropriate Green City Scorecards and urban diary keeping would be appropriate and useful. The journal is required to include: a calendar (itinerary, sites visited and events attended); documentation and analysis of four discovery experiences; Critical analysis of (green) buildings visited (architects identified, commentary, sketches, diagrams, and photographs); Review of the (architecture) office visits and body of work presented with comments, sketches, and photographs; Critical presentation of the process and results of the charrette; Reviews and analyses of visits to cultural sites (e.g. museums, parks, theatres, and educational facilities); Experience and analysis of multiple modes of transportation. Critical review of each conference, lecture, and debate presentation (illustrating as appropriate).
Sketching
Most visits are scheduled requiring students to arrive at the site at least thirty-minutes before in order to allow for sketching sessions. A compilation of sketches from programmed visits, independent discovery sessions, and design process during the charrette are required as part of the journal submissions.
Building
Students will participate in a two-day construction project in the Suffolk countryside. In 2017 students helped build a heavy timber frame from a kit-of-parts (see figure-2). 
Designing (Charrette -The Green Serpentine Pavilion)
The Serpentine Gallery Pavilion commission was conceived by Serpentine Gallery Director, Julia Peyton-Jones, in 2000. It is an ongoing programme of temporary structures by internationally acclaimed architects and designers. It is unique worldwide and presents the work of an international architect or design team who, at the time of the Serpentine Gallery's invitation, had not completed a building in England. Each Pavilion is sited on the Gallery's lawn for three months or more and the immediacy of the process-a maximum of six months from invitation to completion-provides a peerless model for commissioning architecture. Zaha Hadid also remodeled the 1805 gunpowder storehouse into the new Serpentine Sackler and Magazine Cafe just across the Serpentine Bridge to the north of the Serpentine Gallery and Pavilion.
The Design Charrette "The Green Serpentine Pavilion," planned for our research studio in London (summer 2019), challenges our architecture graduate students to design an alternative Serpentine Pavilion that serves as an exemplar of design ideas crucial to mitigating the specter of global climate change. The pavilion, as an annual celebration of fine architecture, will endeavor to educate the public as well as the design community about pressing architectural issues. This year's focus, expanding our green building approach in the five previous iterations, is on using CLT's as the primary structural material.
On the day of the charrette (scheduled for 17 July 2019, all day) three four-person teams of students will work in CLT-savvy London architectural firms (The three architectural firms in London selected this year are Waugh Thistleton Architects, Cullinan Studio, and Groupwork, all experienced advocates of CLT construction) with a member or two of the firm acting as host/mentor. Students present their design proposals on 18 July. Design firm hosts/mentors are welcome to join in the presentations as onlookers, presenters, and/or as critics.
Waugh Thistleton Architects (2019) has experience in delivering a wide range of building types (residential, commercial, mixed-use and cultural) and has gained international reputation in environmentally sustainable architecture and design through their commitment to the use of timber construction. In 2003 they built their first CLT building, which began a series of significant timber structures. In 2017 this firm built "the first building in the UK to be made entirely of LVL" for the new Vitsoe Headquarters (Waugh Thistleton Architects 2018, 261) . Other examples include: Curtain Place (2015), "a hybrid CLT and steel structure" in London (Waugh Thistleton Architects 2018, 253), Dalston Works (2017) in London, "the world's largest CLT building" with 121 new affordable and private (for rent) homes, 38,000 sqft of commercial space, and 10 storeys at its highest point (Waugh Thistleton Architects 2018, 229); The Stadthaus/Murray Grove (2009) Pure CLT 9-storeys residential project in London, "first tall building using engineered timber, and was the tallest timber residential structure in the world at the time of completion" (Waugh Thistleton Architects 2018, 179).
Cullinan Studio (2019) are the designers of the John Hope Gateway (2009) at the west entrance to the Royal Botanic Garden Edinburgh was the first project using "CLT for a public building in Scotland" (Waugh Thistleton Architects 2018, 275) . In addition to the development of buildings and masterplans, this architectural firm is actively involved in consultant collaborations with organizations such as TRADA (2019) to promote engineered timber solutions for buildings.
Groupwork (2019), formerly Amin Taha Architects, are the designers of Barretts Grove (2016), shortlisted for the RIBA Stirling Prize in 2017, a six-story residential project in Pure CLT with exposed loadbearing structural walls and roof panels (Waugh Thistleton Architects 2018, 207) and 168 Upper Street (2018), concrete-formed exterior bearing wall with CLT floor plates and partition walls. Amin Taha Architects and Groupwork's 15 Clerkenwell Close received a RIBA National Award in 2018.
Applying and Developing Metrics (Passive Design)
Analyzing (Discoveries)
In addition to the proposed Discoveries developed for the Workshop series (1 & 2) during the preparation seminar in spring 2019, other themes for on-site analysis are encouraged such as Historic Fabric/Adaptive Reuse (Rule-91: Save Those Buildings in Speck 2018, 216) .
Designing (Charrette -Green Serpentine Pavilion)
Corroborated by the opinion piece, "It's time for a new Brief at London's Serpentine" (Building Science 05/18/2012), which calls for asking a different group of students each year (instead of star-architects) to design and build the Serpentine Gallery taking into account "criteria about the provenance of materials, sustainability, and reuse," our students have been required to propose designs for the alternative Serpentine Pavilion answering the challenge of Carbon-Neutral Design every other year since 2009.
The teams' design proposals should, in addition to addressing the spirit of the Serpentine Gallery Pavilion Commission, be beautiful, environmentally responsible, and culturally relevant -an educational experience. The design should address the issues of green (carbon-neutral, zero net energy) architecture including passive heating and cooling, active hot-water and electricity generation, green construction materials and methods, reduced energy use, low-carbon cafe menu, public education on green architecture, water use and supply, transportation, species equity, demountable design, future use(s), and solid waste management. The Regeneration-Based Checklist for Design and Construction (SBSE 1999) is used to help evaluate design proposals holistically. An updated version of the checklist addresses carbon considerations (SBSE 2009).
CONCLUSIONS
Cross-laminated timber (CLT) construction emerging in the Pacific Northwest provides an exciting opportunity for developing pedagogical initiatives that enhance our students' knowledge and skills in in increasing the use of timber architectural design. We recognize the development of timber construction as an opportunity to increase our Architecture Program's commitment to environmentally sustainable architecture education. The use of CLT reinforces a much needed (material) shift in designing within a rapid change in climate.
Our study abroad program in the United Kingdom, offered since 2006 with a focus on Green Architecture, is expanding content and pedagogical strategies to include CLT in this immersive experience. The UK provides a stimulating context for our students to explore inspirational CLT buildings in Edinburgh, Oxford, and London, and engage in interviews with architects and engineers from CLT-savvy London architectural firms through programmed visits and participation in the design charrette.
The summer research studio (Arch 552 Alternate Graduate Design Experience, summer 2019) and its preparation seminar (Arch 580 British Green Architecture Seminar, spring 2019), offered as a required sequence of courses, are developed to enrich students' understanding and appreciation of mass timber construction as a green building approach in architectural design within the contexts of culture, climate, and environment. Content and pedagogical strategies implemented include expanding references (UK Architecture, Green Building/Cities and CLT), stimulating activities (Journaling, Sketching, Researching, Analyzing and Designing), and applying and developing (passive design) metrics in analysis and design assignments. Overall results of the summer experience in the UK (25 June to 22 July 2019) will be reported at the Reynolds Symposium in fall 2019.
This year's course has been built on the sequence of six successful iterations. After his experience with the students in London Chuck Wolfe commented on Linked-In, "So impressed by your class organization and how you have built it up over the years, Bruce. Really a stellar example for others who are attempting similar feats."
